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ABSTRACT 

Vacuum ultraviolet multiplets of Cl, CII, and 01 have been 
produced by electron impact on CC^. Absolute emission cross sections 
for these multiplets have been measured from threshold to 350 eV. The 
electrostatically focussed electron gun used in this series of experi- 
ments is described in detail. The atomic multiplets which were 
produced by dissociative excitation of CC^ and the cross sections 
at 100 eV are: OI(2p 4 3 P - 2p 3 3s 3 S) 1304& - 1.04 x 10" 18 cm 2 ±18%; 
CI(2s 2 2p 2 3 P - 2s2p 3 3 P°) 1329& - 2.67xl0 -19 cm 2 ± 21%; CI(2s 2 2p 2 3 P - 
2s2p 3 3 D°) 156lX - 7.50xl0 -19 cm 2 ± 30%; CI(2p 2 3 P - 2p3s 3 P°) 1657& - 
1.45x10" 18 cm 2 ± 23%; CII(2s 2 2p 2 P° - 2s2p 2 2 D) 1335& - 7.60xl0 -19 cm 2 ± 22% 
and CII(2s2p 2 2 D - 2p 3 2 D°) 1324 X - 1.33xl0 -20 cm 2 ± 23%. The depend- 
ence of the excitation functions on electron energy shows that these 
multiplets are produced by electric-dipole-allowed transitions in CO^* 



INTRODUCTION 


In parts I and II of this series, we described dissociative excita- 
tion of atomic multiplets of HI, 01, and NI by electron impact on H^, 0^, 

1 2 

and Ng> respectively, * Excitation of the CO fourth positive group by 

3 4 

electron impact on CO and on CO^ was also studied. * In this paper we 
present absolute cross sections for dissociative excitation of CO^ to 
yield multiplets of Cl, CII, and 01 in the vacuum ultraviolet. 

The measurements on COj were inspired by the then-imminent ultra- 
violet spectroscopic observations of the Mars upper atmosphere by the 
Mariner 6 and 7 spacecraft. The multiplets discussed in this paper were 
found to be prominent features of the Mars dayglow. Barth et al 5 have 
shown that they are produced in the Mars upper atmosphere by the action 
of solar photons and photoelectrons on CC^. The cross sections presented 
here have been utilized by McConnell and McElroy^ to perform detailed cal- 
culations of the Cl 1657 X and Cl 1561 X emissiorfsin the dayglows of 
Venus and Mars. 

The dissociative excitation of CO^ has been studied concurrently 

7 8 

with this work by Ajello $nd Sroka. 
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EXPERIMENT 


The experiment featured an electrostatically focussed electron 
beam which was varied in energy from ^ 5 eV to 350 eV. Photons were 
collected at right angles to the electron beam by a McPherson Model 
225 monochromator and an EMR 541G-08-18 solar-blind photomultiplier 
tube. Coherent summing techniques were used to improve the statistics 
of the data. The experimental techniques and apparatus have been 
described in detail elsewhere, ^ 9 ^ with the exception of the electron 
gun, which we describe here. 

The electron gun was electrostatically focussed^ and made use of 

12 

the multistage principle. The gun configuration is shown schematically 
in Fig. 1. Electrons from a thoria coated iridium filament F were 
accelerated through an aperture in the grid G towards anode A and 
electrode L. The electrons were then decelerated to their final energy 
by the potential on electrode P and the gun housing. The collision 
chamber was at the same potential as the gun housing. High potentials 
on electrodes A and L served to reduce the space charge in front of the 
cathode. This yielded relatively high beam currents at low energy. 

The electron gun used was a modified oscilloscope gun (Superior 
Electronics Corp. , Model SE-2B). The modifications included 
a chsisg© of the aperture sizes and a different electrical mode of 
operation. The modified aperture sizes and potentials applied to the 
electrodes are listed in Table I. These potentials for the optimum 
focussing conditions were obtained by trial and error and are approxi- 
mate. The final energy of the electrons in the collision chamber was eV Q . 
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For convenience , the potential on electrode L was chosen to be the 
same as that on A* A slightly different potential on L may result 
in even better focussing. All potentials were obtained from a 
single voltage supply by potentiometric division. This assured 
optimum focussing without readjustment at all electron energies in 
question. 

The electron gun was operated in the energy range 5 to 350 eV 
and delivered a beam current of several microamperes. The current 
usually increased with energy. However the current-voltage characteris- 
tic could be made rather flat by optimizing the electrode potentials. 
The electron beam through the collision chamber was well collimated. 

The current to the collision chamber walls was generally less than 1% 
of the focussed current monitored at the electron collector (Faraday 
cup). The energy spread in the beam was about 0.5 eV (FWHM) as 
determined from the threshold behavior of excitation functions. The 
beam diameter was about 1 mm and was estimated from the spatial extent 
of luminosity resulting from electron impact excitation ofsgas6s iti the 
collision chamber. 
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RESULTS 


01 1304^ Multiplet 
4 3 3 3 

The 0I(2p p 4r 2p 3s S). transit iott iS^the. if irst resonance transi 

tion of atomic oxygen and consists of lines at 1302.17, 1304.87, and 

1306. 04A°. This multiplet was excited by the impact of 100 eV 

electrons on CO^ and the spectral region 1280 - 1320$ was scanned at 

0.8$ resolution. The 'closest ; detectable etnis’sioii feature 

to the 1304$ multiplet was the Cl 1311$ line. The monochromator was 

then centered on the 01 1304$ multiplet and the slits were set to 

yield 6 $ resolution. The image of the 1304$ multiplet was included in 

the unity bandpass region of the monochromator transfer function. The 

-4 

C 0 2 pressure in the collision chamber was < 2 x 10 torr and the elec- 
tron beam current was < 2x10 ** amperes. The emission intensity was 
earlier found to be linear with pressure and current at these settings. 
The excitation function was measured and the cross section was later 
compared to the cross section for dissociative excitation of Lyman 
alpha (HI 1216$) radiation by electron impact on The absolute 

cross section for the 01 1304$ multiplet is shown in Fig. 2. 

The cross section exhibits an appearance potential at 21 eV ± 

2 eV and a second feature at ~ 45 eV, then rises steeply to a broad 
maximum centered at 110 eV and then decreases monotonically as the 
energy increases to 350 eV. The shape of the cross section shows 

the excitation process is electric dipole allowed at higher energies. 

- 18 2 

The absolute cross section at 100 eV is 1.0x10 cm ± 18% (Table II). 

7 8 

The excitation cross sections of Ajello and Sroka are compared 


- 4 - 



with the results of this work in Figure 3 and Table III. All three 
curves are in good agreement regarding the appearance potential. 

There is agreement between Sroka and this work for the position of 
the second threshold (~45 eV) and between Ajello and this work regard- 
ing the position of the peak (~110 eV) and the shape at high energies. 
The disagreement in shape displayed by Sroka' s results at high energies 

(> 100 eV) may stem from the effects of low energy (< 50 eV) secondary 

electrons from the collector which are brought back into the collision 

region by the collimating magnetic field in Sroka 1 s experiment. 

It is known that most secondary electrons are low in energy 

14 

(<50 eV) with a most probable energy in the range of 1-10 eV. 

Thus, we expect that the occurrence of shape distortion in a measured 
excitation function will depend on the threshold value of the excita- 
tion process. Processes having thresholds in the neighborhood of 
50 eV are expected to show very little shape distortion whereas the 
distortion should become progressively more pronounced for processes 
with successively lower thresholds. The shapes which were measured 
by Sroka and the present authors for the CII 1335$ multiplet (appear- 
ance potential ~45 eV) are in close agreement (Fig. 9) but the shapes 
for the 01 1304& multiplet (appearance potential ~21 eV) show a 
marked disagreement at higher energies. This behavior is consistent 
with excitation by low energy secondary electrons in Sroka 1 s experiment. 
The excitation functions presented in Parts I and II of this work 

exhibit shapes which are in good agreement with the results of other 
1 2 

experimenters. * We have no reason to suspect that the shapes of the 
excitation functions for CO^ are anomalous. 
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One might at first think that the dissociative process requiring 

3 

the least energy to make 0(3s S) would be 

e"+CO„(X 1 T + ) -* CO(X 1 E + ) + 0(3s 3 S)+e", (1) 

2 g 

which requires at least 14.97 eV, i.e. 

T , = D°(C0-0) + T (0 ) (2) 

min o' e ' 

= 5.45 + 9.52 = 14.97 eV. 

* 

However, correlation rules show that the intermediate C0 2 state must 

3 - 15 + 

be £ to yield the fragments shown in eq. 1. Since £ -* E trans- 

itions are strictly forbidden, eq. 1 does not repreaent a physically 

16 

important mechanism. The observed appearance potential is in good 
agreement with the mechanism (Table IV), 

e^+CO^X 1 ^) -> C0(a 3 TT)+O(3s 3 S)+e", ( 3 ) 

T min = D o (C0 -°> + T e (C0 *) * V 0 ^ 

“ 5.45 + 6.01 + 9.52 = 20.98 eV. (4) 

3 

The C0(a tt) state is the lowest triplet state and radiates the Cameron 
bands in the vacuum ultraviolet. 

The second threshold (at 45 eV) probably corresponds to dissocia- 
tive ionization and excitation following removal of a strongly bonding 
inner shell electron in CC^ (see Discussion),, 
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Cl 1329 %. Multiplet 


2 2 3 3 3 o 

The Cl (2s 2p P 2s2p P ) multiplet radiates lines at 
1328. 82&, 1329. loX, and 1329. 58& (Fig. 4). 13 The excitation function 
for the Cl 1329 multiplet was measured at a monochromator bandpass of 
4.15 $ after first determining that there were no other detectable 

-4 

emission features within this bandpass. The CO^ pressure was < 5x10 
torr and the electron beam current was < 2x10 amperes. The excita- 
tion function was put on an absolute scale at 100 eV by comparing it to 
the 01 1304$ cross section which was described in the previous section 
(Table II). The absolute excitation cross section for the Cl 1329 
multiplet is shown in Fig. 5. The appearance potential (~24 eV) is 
only approximate since the counting statistics were poor (~10% at the 
peak). The observed appearance potential is compared to possible sets 

of states for the fragment species in Table IV, 

The cross section rises steeply from threshold to a broad maximum 

centered at 100. eV (Table. II) and then decreases monotonically at higher 
energies. The shape is characteristic of an electric - dipole- 
allowed process. The scatter in the data is too great to determine 
whether there is a second threshold at ~45 eV. 

01 156lX Multiplet 

o o o o o 0 

The Cl(2s 2p P ^ 2s2p D ) multiplet radiates lines at 1560.31, 
1560.70, 1561.29, and 1561. 40& (Fig. 4). The Cl 1561 multiplet was 
overlapped by the (1,1) and (4,3) bands of the CO fourth positive 
system which was excited by dissociative excitation of The 

bandheads lie at 1560& and the bands are degraded to longer wavelengths 
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so that they overlap the entire multiplet. An excitation function 
was measured at 12& resolution for the sum of the (1,1) band, the (A, 3) 
band, and the Cl 1561& multiplet (Fig. 6). The measured appearance 
potential corresponds to the threshold for dissociative excitation 
to the v'=l vibrational level of the CO(A tt) state, i.e. 

e _ +CO„(xV) - CO(A 1 tt, v'=l)+0( 3 P)+e > (5) 

2 g 

CO(A 1 n) -> CO(X 1 E + )+hv 1>1 > 

T = D° (C0-0) + E , ,=5.45 + 8.21=13.7 eV. 
min o v -i 

The shape of the excitation function of the (1,1) band has been 
3 

reported elsewhere and is shown by the dashed line in Fig. 6. The 
(4,3) band is only 1/10 as intense as the (1,1). 

A second threshold occurs at ~26 eV and can tentatively 
be identified with the total dissociation process (Table IV) 

e + CO 2 (X 1 E + ) C(2s2p 3 3 D°)+0( 3 P)-f-0( 3 P) » (6) 

g 

c( 3 d°) C( 3 P) -f hv 1561 > 

' T _. — - D°(C0-0HD °(C-0) + E > 
mm o o 1561 

« 24.51 eV. 

The cross section rises steeply through a subsidiary maximum 

at ~38 eV to a third threshold at ~46 eV after which it rises to a 
broad maximum centered at 105 eV. The structure at 46 eV probably 
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represents dissociative ionization by removal of an inner shell electron 

from the 3 o orbital of C0„ (see Discussion). The absolute total cross 
g 2 

section (bands + multiplet) was determined at 100 eV by comparing with 

-19 2 

the 01 1304 cross section and was found to be 9.7x10 cm ±22% of which 
-19 2 

7.5x10 cm was due to the Cl 1561 multiplet (Table II). The shape 
of the cross ^section at high energies is characteristic of an electric 
dipole allowed transition. 


Cl 1657& Multiplet 
2 3 3 o 

The Cl (2p P 2p3s J P ) multiplet consists of lines at 
1656.26, 1656.92, 1657.00, 1657.37, 1657.89, and 1658. llX (Fig. 4). 13 
The Cl 1657 multiplet was overlapped by the (0,2) band of the CO fourth 
positive system which was excited by dissociative excitation of CO 2 . 

The excitation function for the sum of the (0,2) band and the Cl 1657 
multiplet was measured at 16.6^ resolution (Fig. 7). The appearance 
potential was 14 eV ± 2 eV in good agreement with the expected thre- 
shold (13.53 eV) for excitation of C0 (A^tt, v f -0) by the mechanism of 

eq. 5. The shape of the excitation cross section for the CO 4 + (1,1) 

3 

band has been reported elsewhere and is shown by the dashed line in 
Fig. 7. A second threshold occurs at ~25 eV . This is consistent with 
production of the Cl 1657 multiplet by a mechanism leading to total 
dissociation (Table IV) which requires at least 24.06 eV of energy 
(neglecting kinetic energy of the dissociation fragments). A third 
threshold occurs at ~50 eV and probably corresponds to dissociative 
ionization and excitation. The cross section rises to a broad maximum 
centered at ~110 eV and thereafter decreases with increasing energy. The 
shape is characteristic of an electric-dipole-allowed transition. The 
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value of the total cross section at 100 eV is 1. 5xl0~^cm^ ± 22% of 

which 1.4xl0”''’®cm^ is due to the Cl 1657 multiplet. 

CII 1335 X Multiplet 

The CII (2s^2p 2s2p^ ^d) multiplet consists of lines at 

1334.53, 1335.66, and 1335.71 X(Fig. 4).^ The excitation function 

(Fig. 8) was measured at 4.15 X resolution and no other emission features 

were detected in this bandpass. The appearance potential is 44 ± 2 eV 

and is compared to possible states of the dissociation fragments in 

Table IV. There are many possible sets of states which have T . < 44 eV. 

mm 

The excess energy may be stored in the electronic structure of the oxygen 
atoms or may appear as kinetic energy. It cannot represent a cascade mech- 
anism in the CII ion since the emission cross section of the CII 1324 multi- 
plet was found to be less than 2% of the CII 1335 cross section at 100 eV 
(Table II). The CII 1335 cross section rises smoothly from threshold to a 

broad maximum which is centered at ~170 eV and then decreases monotonically 

-19 2 

at higher energies. The absolute, value at 100 eV is 7.6x10 cm ± 23% (Table 

II) and the shape is characteristic of an electric-dipole-allowed transition. 

7 8 

The present data are compared with the data of Ajello and Sroka in 
Fig. 9 and Table V. The shapes are in good agreement but Sroka 1 s absolute 
values differ by about a factor of two from Ajello* s. Ajello* s work and the 
present results are the preferred values since these experimenters utilized 
recently developed calibration techniques which enable accurate calibra- 
tion of monochromators over the wavelength range 1100 99 2600 X. 
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DISCUSSION 


In this paper we have presented excitation cross sections (5 - 350eV) 
for multiplets of 01, Cl, and CII by electron impact on CO^* All of the 
observed excitation processes were electric-dipole-allowed at high energies. 
The 01 1304^ multiplet exhibits an appearance potential corresponding to 
the fragments CO and 0. The Cl and CII multiplets exhibit appearance 
potentials which are larger by several volts (~5) than the lowest possible 
energy for producing C + Oj or C^'*f O^, respectively. Thus, if 0^ is a 
direct dissociation fragment, there is -^5 eV available for distribution 
among the fragments. The close agreement between the excess energy and 
the bond energy of 0 ^ suggests that the CO 2 fragments completely. The 
excitation functions for the 01 and Cl multiplets exhibit secondary thres- 
holds at ^5 eV while the CII 1335 multiplet exhibits an appearance potential 
at ^4 eV. This strongly suggests that these secondary thresholds and the 

CII appearance potential represent dissociative excitation or ionization 
involving excitation of a strongly bonding electron from an inner shell 
orbital of CO 2 . This hypothesis is supported by the known characteristics 
of the molecular orbitals of CC^. 

The ground configuration of CC^ may be written, 

CO ) (la ) 2 (la ) 2 (2a ) 2 (3a ) 2 (2a ) 2 (4a ) 2 (3a ) 2 (In) 4 (in ) 4 . (7) 

The outer shell electrons have vertical ionization potentials of 13.8, 

17.6, 18.1, and 19.4 eV, corresponding to removal of an electron from 

the Itt , Itt , 3 a , and 4a orbitals, respectively ^ (Table VI). 
g u u’ g P * 

All of the multiplets observed in this work have appearance potentials 

which are greater than the first four ionization limits. The location of 

18 19 20 

the next ionization limits have been estimated by various authors. * 9 
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The most complete calculation (McLean and Yoshimina) predicts orbital 

energies of 40.2 eV and 41.6 eV for l * c 2 a and 3a orbitals, respec- 

^ S 

tively. These calculated values are quoted to the third figure to 
indicate the internal accuracy of the calculation. The calculated orbital 
energies bear only an approximate relation to the actual ionization 

limits. This may best be seen by comparing the calculated orbital 
energies with the observed values for the adiabatic ionization limits 
of the four outer orbital (Table IV) which differ by ^10 - 15%. Thus 
the calculated orbital energies should be viewed as approximations to 
their respective ionization limits. The ionization limits can best 
be determined by experiment. 

Measurements of the photoelectron spectrum of CO^ have shown that 

the Itt , 3a * and 4a orbitals are non-bonding while the Itt orbital 
g u’ g 6 u 

is strongly bonding in character. ^ These results confirmed the calcu- 

19 21 

lations of Peyerimhoff et al. and showed that Mulliken's original 

classification of the bonding character of the a - type orbitals was 

incorrect. Peyerimhoff 1 s results also showed that the orbitals 

(20^, la u , la ) may be regarded as atomic orbitals (ls^, 1s q , 1 s q ) and 

are very tightly bound, playing no further role in this discussion. 

The 2a^ orbital is composed primarily of (2 s q - 2s q ) character and 

removal of an electron from this orbital will result in an excited 

oxygen ion if the core CCL + dissociates. The 3a orbital can be 

2 g • 

written (2s q + 2s c 4- 2s q ) an< * dissociation following removal of an 

electron from the 3a orbital will have a certain probability of 

2 2 

producing a carbon ion with the configuration CII(ls 2s2p ) . 
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We have observed production of this state (i.e. we observed the 

CII 1335& multiplet) and found the appearance potential to be ~44 eV. 

The three independent measurements of the appearance potential are in 

agreement with a value of 45 eV (Table V). We conclude that the 

CII I335X multiplet is produced by removal of an electron from the 

3a orbital accompanied by dissociation of the core ion. The appearance 
g 

potential is a direct measure of the vertical ionization potential of 

the 3a orbital (45 eV) . 
g 

Since the 3a orbital is composed of a linear combination of 
g 

atomic orbitals (2s , 2s , and 2s ) we expect that removal of an 

o’ c o K 

electron from that orbital will have a certain probability to produce 
2 4 

OII(ls 2s2p ) + 01 4- Cl. Thus one expects to find radiation at 
o 2 3 4 

833. 8& Oil (2s 2p ^ — 2s2p ) with an appearance potential at ~45 eV 
or less, depending on whether dissociative ionization from the 2a^ 

g 

orbital also occurs. Sroka observed an appearance potential of ~48 eV 

for this multiplet which suggests that only the 3a orbital is involved 

g 

near threshold. 

The observed appearance potentials for the Cl multiplets fall 

in the range 24-26 eV (Table IV). These processes must represent 

dissociative excitation through doubly excited valence states or doubly 

excited Rydberg states of CO^ rather than through singly excited Rydberg 

states belonging to the known ionization limits since the Rydbergs of a 

22 

given series lie within ~4 eV of the ionization limit. There are no 
singly excited Rydberg states between ~19.4 eV and ~38 eV. A glance at 
the Cl term diagram (Fig. 4) shows that the Cl 1657$ multiplet 



originates through a doubly excited Rydberg state of CO^ whereas the 
Cl 1561& multiplet probably originates through a doubly excited 
valence state. 

3 

It should also be noted that the 01 (2p 3s) configuration is a 
Rydberg state of oxygen. This implies that the intermediate state of 
CO^ (which dissociates according to eq. 1 and leads to emission of 
the 01 1304& multiplet) is also a Rydberg. This Rydberg of CO^ must 
be doubly excited since it lies ~21 eV above the ground state. 

Thus, the observed multiplets represent two kinds of processes; 

(1) single electron excitation from inner shell orbitals and (2) double 
electron excitation from outer shell orbitals. Dissociative excita- 
tion following single electron excitation from outer shell orbitals has 

not been observed in this work. However, this process does lead to 

1 3 

production of C0(A tt) and C0(a rr) which results in emission of the 

3 7 23 

fourth positive band system and the Cameron band system, respectively. s > 

CONCLUSION 

In this series of papers we have described absolute cross 
sections for dissociative excitation of 0^, N^, CO^, and CO 
by electron impact to yield vacuum ultraviolet features in the 
wavelength range 1165 - 1900&. These data were needed for calculations 
of the primary production rates of these features by secondary electrons 

m 

in disturbed planetary atmospheres (aurora) and by photoelectrons 
in the dayglows of Mars and Venus. ^ In addition to the practical 
applications of these results, they provide insight for better under- 
standing the phenomena of molecular dissociation and demonstrate the 
need for careful experimental probing of molecular states (stable and 
unstable) above the first ionization limit. 
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band of the CO fourth positive group. The solid curve re- 
presents the smoothed data. 

Absolute cross section for dissociative excitation of the 
CI 1657X multiplet by electron impact on CO 2 . T ^ e dashed curve 
represents the contribution of the (0,2) vibrational band of the 
CO fourth positive group. The solid curve represents the smoothed 


data. 



Figo 8 


Fig 0 9 


Absolute cross section for dissociative excitation of the 
CII 1335 X multiplet by electron impact on CO^o The 
solid line represents the smoothed data*, 

Comparison of cross sections measured for dissociative 

excitation of the CII 1335 £ multiplet by electron 

impact on CO^ : — Ajello s *.-<**«• Sroka, — 

present results 0 



TABLE I, ELECTRON GUN PARAMETERS* 


Electrode 

Potential 

Aperture diameter 
(mm) 

Filament F 

V 


Grid G 

" 0 .6 V 

d, = 1.5 


O 


Anode A 

+ v „ 

d 2 = 1,5 



d 3 = 6.3 

Electrode L 

+ 4.3 V 

o 


Decelerator P 

0 

d 4 = 6.3 

Collision Chamber 

0 

d 5 = 3.2 

Electron Collector 

+ 15 volt 



^tc 

See also Fig. 1 and text. 










TABLE II, ABSOLUTE EMISSION CROSS SECTIONS 
FOR MULTIPLETS OF OI 5 Cl, AND Cl I PRODUCED BY ELECTRON 
IMPACT (100 eV) ON C0 2 - 



This work 

Ajello 

Sroka 

01 1304 X 

*1,04 (-18) ± 18% 

* 7,56(-19)±307 

*5.7 (-19) 

Cl 1329 X 

*2, 67(<19) ± 217, 

i 2c 50 (=19) 

— 

Cl 1561 X 

*7, 50 (-19) ± 307 

6. 79 (-19) 


Cl 1657 X 

*1,45 (=18) ± 237 

1.31 (-18) 

-- 

CII 1324 X 

1.33 (-20) db 237 


— - 

CII 1335 

* 7, 60(=19) ± m 

l 

* 7.6(-19) 

*8 0 8(-19) * 


* = excitation function presented. 










TABLE III. COMPARISON OF RESULTS FOR THE 01 1304 % 
MULTIPLE! 



This Work 

Ajello a 

Sroka b 

Threshold 

21 ± 2 

21 ± 2 

21.5 

2nd Threshold 

~45- 

35 

~45 

peak 

A110 

100 

160-175 


a. Ref. 7 

b. Ref. 8 










TABLE IV 


Appearance Potentials for Atomic VUV Emission Features 
Produced by Dissociative Excitation of CC^. 


Multiplet 

Possible configuration of 


Minimum Appearance 


Dissociation Fragments 


Potential 

, eV 




Theoretical 

Observed 

01 1304& 

©I<3jS 


23.00 

i 

■. > 

1 > / - • 

01<3s 3 S) 4- 

oi op 3 p> t ooa 1 ?!) 


20,98 

21 



16.43 

(a) 


0I(3s 3 S) + COCxV") 


14.97 

(b) 

Cl 1329& 

Cl (2s2p 3 3 P°) + 20I(2p 4 3 P) 


25.90 

24 


CI(2s2p 3 3 P°) + 0 2 (X 3 Eg) 


20.82 


Cl 156lX 

CI(2s2p 3 3 D°) + 20I(2p 4 3 P) 


24.51 

~26 


CI(2s2p 3 V) + 0 2 (xV) 
CI(3s 3 P°) + 2 0I(2p 4 S3 P) 


19.43 


Cl 1657 


24.05 

~25 


CI(3s 3 P°) + 0 2 ( 3 Eg) 


18.97 


CII 1335& 

CI[(2s2p 2 2 D) + 2 01 (2p 4 3 P) 


37.11 

~44 


CII (2s2p 2 2 D) + OI(2p 4 1 D) + OI(2p 4 

3 P) 

39.07 



CII(2s2p 2 2 D) + 201 (2p 4 1 D) 


41.03 



CII(2s2p 2 2 D) + 0I(2p 4 X S) + OI(2p 4 

3 P) 

41.30 



CII (2s2p 2 2 D) + OI(2p 4 1 S) + OI(2p 4 

X D) 

43.26 



CII(2s2p 2 2 D) + 20I(2p 4 1 S) 


45.47 



a. The 0I(2p P) cascades to 0I(3s J S) through emission of a photon at 8447 a. In 

one very good data run we saw a feature which had a threshold at ~16 eV and a 

90 9 

cross section of ~lxlO~* u cm . The shape seemed to peak near threshold. We 
have not included this feature in Fig. 2 since we had trouble reproducing the 
observation. 

b. This combination of final states can arise only from a E intermediate 
CO* state. We can therefore exclude this set of final states since E"* - E 
transistions are forbidden by electric dipole interaction. 




TABLE V 


A COMPARISON OF SALIENT FEATURES OF THE CII 1335 X 

CROSS SECTION,. 



This Work 

Ajello 3 

Sroka^ 

Threshold 

Peak 

a (170 eV) 

~44 eV 
~175 eV 
10.0 (-19) cm 2 

~45 eV 
~170 eV 
8.3(-19)cm 2 

~45 eV 
^.170 eV 
13. 5 (-19) cm 2 






a. Ref. 7. 

b. Ref. 8. 








TABLE VI . ORBITAL ENERGIES AND IONIZATION POTENTIALS OF C0 2 


Orbital 

Orbital Energy 

Ionization Potential 

In 

g 

14. 7 a , 

14.7^ 

13.8 

In 

u 

20.1®, 

18. 9 b 

17. 6 C 

3a 

u 

19. 5®, 

19. 9 b 

18.1 

4a 

g 

21. 4 a , 

21. 9 b 

19.4 

2a 

u 

41. 0 a , 

m.2 


3a 

g 

42. 7®, 

41*6 

(45) d 


a. Ref o 18b 

b. Ref. 2D? 

Co Vertical loni^tion Potential. 


d. Vertical Ionization Potential determined in the present work 
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100 150 200 250 300 350 

ELECTRON ENERGY (eV) 




100 150 200 250 300 
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